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© NC PROGRAM PREPARATION METHOD OF INTERACTIVE NUMERIC CONTROLLER OR AUTOMATIC 
PROGRAMMING APPARATUS. 



© This invention relates to a method of preparing 
an interactive numeric controller program for a 2- 
spindle 2-turret 4-axis lathe on the basis of the 
shapes of a product and work which undergoes 
primary and secondary machining. The point be- 
tween the primary and secondary machining pro- 
cesses is determined (S1, S2, S3) on the basis of 



the data of the inputted shape constituent elements 
of the product and work. This point in the NC pro- 
gram is selected (S4-S10) so that the time neces- 
sary for the primary and secondary machining is 
substantially equal. In this manner the NC program 
for the 4-axis lathe having high efficiency can be 
prepared. 
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Technical Field 

The present invention relates to an interactive 
numerical control device or an automatic program- 
ming device, and more particularly, to a method of 
preparing an NC program for an interactive numeri- 
cal control device or an automatic programming 
device used for preparing an NC program for a 
four-axis lathe with two spindles and two turrets. 

Background Art 

An interactive numerical control device or an 
automatic programming device is widely used for 
the control of various machine tools, since an NC 
program can be easily prepared even if an operator 
is not familiar with the language codes or NC tape 
formats, etc. of an automatic programming. 

In this connection, a four-axis lathe with two 
spindles and two turrets has been used as a CNC 
lathe having a plurality of heads, to improve the 
machining efficiency. This type of four-axis lathe 
carries out a primary machining with one head, and 
then carries out a secondary machining 
(sometimes referred to as back machining) with the 
other head. 

Figure 6 is a diagram for explaining the outline 
of a machining with a four-axis lathe with two 
spindles and two turrets. First, at a first head, a 
workpiece 42a held by a chuck 41a is machined to 
a desired contour with a tool 44a mounted on a 
turret 43a. This machining at the first head is 
referred to as a primary machining. Next, at a 
second head, the workpiece 42a is moved from the 
chuck 41a to a chuck 41b, and a workpiece 42b 
caught by the chuck 41b is machined to a desired 
contour* with a tool 44b mounted on a turret 43b. 
This machining at the second head is referred to 
as a secondary machining. 

When an NC program for such a four-axis lathe 
with two spindles and two turrets is to be prepared 
using an interactive numerical control device or an 
automatic programming device, the NC program 
for the primary machining and that for the secon- 
dary machining must be prepared separately. 

In this connection, for such a four-axis lathe 
with two spindles and two turrets, preferably the 
time required for the primary machining and the 
time required for the secondary machining are 
made the same. Namely, the overall machining 
time can be reduced and machining efficiency can 
be improved by making the machining time for the 
primary and the secondary machining the same 
when a workpiece is machined while continuously 
changing the position in which it is held. 

Accordingly, when an NC program is prepared 
using an interactive numerical control device or an 
automatic programming device, a zone for the pri- 



mary machining (primary machining zone) and a 
zone for the secondary machining (secondary ma- 
chining zone) must be set such that machining 
times for the primary and the secondary machining 
5 become the same. 

The interactive numerical control device or the 
automatic programming device employs a method 
of inputting a part shape by inputting shape com- 
ponents using symbolic keys. This is used to pre- 
w pare a machining program by inputting a part 
shape using symbolic keys by which shape com- 
ponents such as a horizontal line, vertical line, 
oblique line, partial arc, etc. can be input. This 
method has an advantage in that an NC program 
75 can be easily and efficiently prepared because a 
shape of a part can be easily input. 

Nevertheless, in the case of a four-axis lathe 
with two spindles and two turrets, the primary ma- 
chining zone and the secondary machining zone 
20 must be set, and at this time, a problem arises in 
that the machining zones cannot be set such that 
the machining times for the primary and the secon- 
dary machining become the same since a part 
shape is composed of several shape components. 
25 This problem will be explained with reference 

to the drawings. 

Figure 6 is a diagram showing a material 
shape, and a part shape input through the symbolic 
keys, in this figure, only a display screen 1 is 
30 shown and the input keys, etc. are omitted. 

The display screen 1 shows a material shape 2 
defined by a rectangle and a part shape 3 sur- 
rounded by a line segment (shape components) 
from a point A to a point J, within this material 
35 shape 2. The shaded section in the figure is a 
machining cutting zone 4 to be cut with a tool. In 
this figure, X refers to the X-axis direction and Z to 
the Z-axis direction of a four-axis lathe. 

Figures 7 and 8 are diagrams showing the 
40 display at display screens when the cutting zones 
of the primary and the secondary machining are 
set. Namely, after the material shape 2 and the part 
shape 3 are defined as in Fig. 6, the primary 
machining zone is set, and therefore, first a cursor 
45 7a is moved to the point A on the part shape 3, 
and a starting point for a splitting is set by pushing 
a right arrow key. Next, a cursor 7b is moved to a 
point G, and an end point of a splitting is set by 
pushing an upper arrow key. By this operation, a 
so zone surrounded by points A-B-C-D-E-F-G 
- Q - X (lateral line section) is set as a primary 
machining cutting zone 5. Then, a cursor 7c is 
moved to the point J, and a zone surrounded by 
points Q-G-H-l-J-Z (longitudinal line section) 
55 is set as a secondary machining cutting zone 6, by 
pushing a left arrow key. 

Figure 8 shows a case where in the point F is 
set as a splitting point by the same operation, and 
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the primary machining cutting zone 5 is surrounded 
by the points A-B-C-D-E-F-Q-X (lateral 
line section) and the secondary machining cutting 
zone 6 is surrounded by the points Q-F-G-H-l 
- J - Z (longitudinal line section). 

In this way, because the part shape has been 
composed of the shape components, cursors could 
be set only on the intersections A, B... J of the 
shape components when setting the splitting point. 
Therefore, in the case of a splitting as shown in 
Fig. 7, the primary machining cutting zone 5 is 
made about 15% larger than the secondary ma- 
chining cutting zone 6, and in the case of the 
splitting as shown in Fig. 8, the primary machining 
cutting zone 5 is made about 20% smaller than the 
secondary machining cutting zone 6. 

Consequently, the machining times required for 
the primary and the secondary machining cutting 
cannot be made the same, and thus machining 
efficiency cannot be improved. 

Disclosure of the invention 

The present invention has been made in view 
of the aforesaid drawbacks, and an object of the 
present invention is to provide a method of prepar- 
ing an NC program for an interactive numerical 
control device or an automatic programming device 
by which the times required for a primary machin- 
ing and a secondary machining can be made the 
same. 

To achieve the above object, in accordance 
with the present invention, there is provided a 
method of preparing an NC program for an inter- 
active numerical control device or an automatic 
programming device for preparing the NC program 
for a part for which a secondary machining is 
carried out after a primary machining thereof, using 
a four-axis lathe with two spindles and two turrets, 
based on a material shape and a part shape of the 
above part, the method of preparing an NC pro- 
gram for an interactive numerical control device or 
an automatic programming device being character- 
ized in that a splitting point between the primary 
machining and the secondary machining is deter- 
mined based on data of the material shape and the 
part shape consisting of shape components input 
by the interactive numerical control device or the 
automatic programming device, and the NC pro- 
gram for the primary machining and the secondary 
machining is prepared such that times required for 
the primary machining and the secondary machin- 
ing are almost the same, taking the above splitting 
point as the basis. 

The material shape and the part shape are 
input to the interactive numerical control device or 
the automatic programming device using symbolic 
keys representing the shape components, and the 



entire machining zone to be machined in the pri- 
mary machining and the secondary machining can 
be calculated from data of these material and part 
shapes. Namely, when an area of the part shape is 

5 subtracted from an area of the material shape, the 
remaining section is the area of the entire machin- 
ing zone. Also, the length of the shape compo- 
nents, etc. constituting the part shape can be cal- 
culated based on the data of the material and the 

10 part shapes, and therefore, the splitting point be- 
tween the primary machining and the secondary 
machining is determined by the area of the entire 
machining zone, the area of the part shape or the 
length, etc. of the shape components constituting 

15 the part shape calculated based on the data of the 
material and the part shapes, and the NC program 
for the primary machining and the secondary ma- 
chining in which the times required for the primary 
machining and the secondary machining are almost 

20 the same is prepared on the basis of this splitting 
point 

Brief Description of the Drawings 

25 Fig. 1 is a flow chart of a process of this 
embodiment; 

Fig. 2 is a diagram showing an interactive nu- 
merical control device as an embodiment of the 
present invention; 
30 Fig. 3 is a diagram showing an example of a 
display screen of an interactive numerical con- 
trol device as an embodiment of the present 
invention; 

Fig. 4 is another flow chart of a process of this 
as embodiment; 

Fig. 5 is a diagram for explaining the outline of a 
machining with a four-axis lathe having two spin- 
dles and two turrets; 

Fig. 6 is a diagram showing a material shape 
40 and a part shape input with symbolic keys; and 
Fig. 7 and Fig. 8 are diagrams showing displays 
at display screens when cutting zones for a 
primary and a secondary machining are set. 

45 Best Mode of Carrying Out the Invention 

An embodiment of the present invention will 
hereinafter described with reference to the draw- 
ings. 

so Figure 2 is a schematic diagram of a constitu- 

tion of an interactive numerical control device as an 
embodiment of the present invention, wherein a 
processor 1 1 controls the operation of the whole 
interactive numerical control device according to a 

55 system program stored in a ROM 12, which is an 
EPROM or EEPROM. A DRAM or the like is used 
for a RAM 13, and various data or input/output 
signals are stored therein. A CMOS backed up by 
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a battery is used for a nonvolatile memory 14, and 
parameters, pitch error correction amounts, tool 
correction amounts, etc., which must be held after 
the power supply is cut off, are stored therein. 

A graphic control circuit 15 converts a digital 5 
signal to a display a signal and supplies it to a 
display unit 16. A CRT or a liquid crystal display 
unit is used for the display unit 16, and a material 
shape, part shape, machining definition screen, and 
positional indications of respective axes, param- 10 
eters, etc. are displayed thereat. A control panel 17 
is constituted by a keyboard, etc. and is used for 
inputting various data or for an operation of a 
machine tool 19. 

A PMC (programmable machine controller) 18 75 
receives an output signal via a bus 20, processes 
the output signal by a sequence program, and 
controls the machine tool 19 accordingly, and fur- 
ther, receives an input signal from a machine, 
processes the input signal by a sequence program, 20 
and transfers the processed input signal to the 
processor 1 1 via the bus 20. 

Those components are interconnected by the 

bus 20. 

Note, components such as an axis control cir- 25 
cuit, servo amplifier, servo motor, spindle amplifier, 
spindle motor, etc. have been omitted in Fig. 2, 
and further, a plurality of processors may be used 
to thus constitute a multiprocessor system. 

Figure 3 is a diagram showing an example of a 30 
display screen of an interactive numerical control 
device as an embodiment of the present invention. 
In Fig. 3, the same symbols are given to the same 
components shown in Fig. 7, and thus an explana- 
tion thereof will be omitted. 35 

in this embodiment, a splitting point can be set 
at an arbitrary point on the shape components. 
Namely, the splitting point could be set only at the 
intersections A, B... J of the shape components in 
the conventional art, but in this embodiment, a 40 
cursor can be moved to an arbitrary point P be- 
tween the points F and G of the shape compo- 
nents, and thus a point such that areas of a pri- 
mary machining cutting zone 5 and a secondary 
machining cutting zone 6 are made equal to each 4s 
other can be set as the splitting point. If a cursor 
can be moved to an arbitrary point on the entire 
shape components, the positions of all those points 
must be stored, and therefore in this embodiment, 
the cursor is arbitrarily moved only on the shape so 
components at which the splitting point exists. 

The operation according to the present em- 
bodiment will be explained with reference to the 
drawings. Figure 1 shows a flow chart of the pro- 
cess of this embodiment In this figure, numerical 55 
values following the letter S show the number of 
the Step. 

[S1] The material shape 2 is defined. 



[S2] The part shape 3 is defined. 
[S3] After the material shape 2 and the part 
shape 3 are defined, the position of the splitting 
point P in Fig. 3 is calculated based on the 
defined shapes, and a display as shown in Fig. 
3 is shown on the display unit 16. In this Step, 
the entire machining zone to be cut, based on 
the material shape 2 and the part shape 3, is 
calculated, and a point such that areas of both 
the primary and the secondary machining are 
equal when an area of the entire machining zone 
is split by a line segment perpendicular to the 
Z-axis of the four-axis lathe is made the splitting 
point P between the primary and the secondary 
machining, and thus the primary machining cut- 
ting zone 5 and the secondary machining cut- 
ting zone 6 are determined on the basis of this 
splitting point P. Accordingly, the calculated 
splitting point P is a point such that the areas of 
the primary machining cutting zone 5 and the 
secondary machining cutting zone 6 are equal 
to each other. 

[S4] The display unit 16 displays a query asking 
the operator whether or not the displayed split- 
ting point P is correct and the processing is 
divided according to a response given by the 
operator through the control panel 17. If the 
splitting point P calculated in S3 is correct, the 
process goes to S5, and if not, the process goes 
to S6. 

[S5] The splitting point P calculated in S3 is 
again manually set by moving a cursor. 
[S6] A machining process (machining program) 
for the primary machining cutting zone 5 speci- 
fied on the basis of the splitting point P is 
automatically determined in the interactive nu- 
merical control device. 

[S7] A machining process (machining program) 
for the secondary machining cutting zone 6 
specified on the basis of the splitting point P is 
automatically determined in the interactive nu- 
merical control device. 

[S8] The times required for the primary and the 
secondary machining, based on the machining 
processes determined in S6 and S7, are dis- 
played by the display unit 16, together with a 
query asking the operator whether or not the 
machining times are appropriate. As the splitting 
point P calculated in S3 is simply selected such 
that the areas of the primary machining cutting 
zone 5 and the secondary machining cutting 
zone 6 are made equal, the machining time 
actually required for the primary machining and 
the secondary machining can not be made the 
same unless the machining times are calculated 
by taking into account the type of machining 
process, etc. 

[S9] When the operator determines that the ma- 



BNSDOCID: <EP 



0453570A1J_> 



7 



EP 0 453 570 A1 



8 



chining times displayed on the display unit 16 
are appropriate, and thus inputs "YES" through 
the control panel 17, the process goes to S10, 
and when "NO" is input the process returns to 
S5 to reset the splitting point P, and S6, S7 and 5 
S8 are repeated. 

[S10] When the displayed machining times are 
appropriate, the NC program (NC sentence) is 
output based on this splitting point P. 
In the above flow chart, the operator deter- 10 
mines whether or not the machining times are 
appropriate by checking the displayed machining 
times, but whether or not the machining times are 
appropriate may be determined in the interactive 
numerical control device or the automatic program- 75 
ming device- 
Figure 4 is another flow chart showing the 
operation of this embodiment. In Fig. 4, as the 
same symbols are given to the same Steps of Fig. 
3, an explanation thereof will be omitted. 20 

In this flow chart, S4 and S5 in Fig. 3 are 
omitted, the determination in S9 is changed, and 
S1 1 is added. 

[S9] It is determined whether or not a dif- 
ference between the time required for the primary 25 
machining and the time required for the secondary 
machining is within ! A 5% of the entire machining 
time (sum of the primary and the secondary ma- 
chining time), and if the difference is within !~5%, 
the process goes to S10, and the NC sentence is 30 
output If the difference is more than 1^5%, the 
process goes to S1 1 . 

In this flow chart, the determination is made of 
whether or not the difference between the time 
required for the primary machining and the time 35 
required for the secondary machining is within a 
predetermined error range of !~5%, but it can be 
determined whether or not the difference between 
the time required for the primary machining and 
the time required for the secondary machining is 40 
within a predetermined time (e.g., one to three 
minutes), and such an error range or time range is 
set as a parameter. 

[S1 1 ] The splitting point is changed and moved 
by a predetermined amount so that the machining 45 
zone of the machining needing a longer machining 
time is made smaller. In this case, a predetermined 
amount of change and movement is determined 
according to the size of the difference between the 
time required for the primary machining and the so 
time required for the secondary machining ob- 
tained in S9. For example, when the machining 
time for the primary machining is longer than that 
of the secondary machining, by about 10%, the 
change and movement is made such that the area 55 
of the primary machining cutting zone 5 is made 
smaller by about 10%. Accordingly, the difference 
between the time required for the primary machin- 



ing and the time required for the secondary ma- 
chining is brought within the above error range or 
time range. 

As described above, in this flow chart, the 
splitting point is automatically calculated so that the 
machining time is the same for the primary and the 
secondary machining, and the NC sentence is out- 
put based on the calculated splitting point. 

In the above embodiment, the material shape 
and the part shape are both observed as cross 
sectional areas at the display screen, the entire 
machining area to be machined is calculated from 
the data of the material shape and the part shape, 
and a point is made the splitting point such that 
both of these areas become almost equal when the 
area of the entire machining zone is split with a line 
segment perpendicular to the Z-axis of the four- 
axis lathe. 

This method of calculating the splitting point is 
merely an example, and the splitting point also can 
be calculated by the following method. 

Namely, a point such that both areas are equal 
to each other when the area of the part shape 3 is 
split with the line segment perpendicular to the Z- 
axis of the four-axis lathe can be made the splitting 
point. 

Also, a point such that the lengths of the shape 
components A-B-C-D-E-F-G-H-l-J 
constituting the part shape 3 are equal to each 
other can be made the splitting point 

Moreover, the middle point of the shape com- 
ponent F - G having a distance in the radial X 
direction that is the longest among the shape com- 
ponents A-B-C-D-E-F-G-H-l-J 
constituting the part shape 3, can be made the 
splitting point 

Furthermore, a point at about half the length in 
the Z-axis direction of the material shape 2 or the 
part shape 3 can be made the splitting point 

As mentioned above, a number of points can 
be set as the splitting point, and any one of those 
splitting points can be set as a parameter, or after 
calculating the machining time for all of those split- 
ting points, a point such that the time required for 
the primary machining and the time required for 
the secondary machining are substantially the 
same can be made the splitting point 

Although the case of an interactive numerical 
control device was described for the embodiments, 
this Invention can be similarly applied to an auto- 
matic programming device. 

According to the present invention, as de- 
scribed above, a primary machining program and a 
secondary machining program of an NC program 
for a four-axis lathe having two spindles and two 
turrets are produced at the same time, and the 
primary machining time and the secondary machin- 
ing time can be made the same, to thereby signifi- 
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cantly improve the machining efficiency. 
Claims 

1. In a method of preparing an NC program for 
an interactive numerical control device or an 
automatic programming device, for preparing 
an NC program for a part for which a secon- 
dary machining is carried out after a primary 
machining thereof, with a four-axis lathe having 
two spindles and two turrets, based on a ma- 
terial shape and a part shape of the part, 

OOwherein a splitting point between the pri- 
mary machining and the secondary machining 
is determined on the basis of data of the 
material shape and the part shape consisting 
of shape components input by the interactive 
numerical control device or the automatic pro- 
gramming device, and the NC program for the 
primary machining and the secondary machin- 
ing is prepared such that times required for the 
primary machining and the secondary machin- 
ing are almost the same, on the basis of the 
splitting point. 

2. In a method of preparing an NC program for 
an interactive numerical control device or an 
automatic programming device according to 
claim 1, wherein in a method of preparing an 
NC program for an interactive numerical con- 
trol device or an automatic programming de- 
vice for preparing the NC program for a part 
for which a secondary machining is carried out 
after a primary machining, with a four-axis 
lathe having two spindles and two turrets, 
based on a material shape and a part shape of 
the part, 

the NC program for the primary machining 
and the secondary machining is prepared such 
that times required for the primary machining 
and the secondary machining are almost the 
same, the method comprising: 

a first step of calculating an entire machin- 
ing zone to be machined in the primary ma- 
chining and secondary machining, from data of 
the material shape and the part shape; 

a second step of making a splitting point 
between the primary machining and secondary 
machining such that, when an area of the en- 
tire machining zone is split with a line segment 
perpendicular to a Z-axis of the four-axis lathe, 
both areas are equal to each other; and 

a third step of determining a primary ma- 
chining zone to be machined in the primary 
machining and a secondary machining zone to 
be machined in the secondary machining, on 
the basis of the splitting point. 



3. A method of preparing an NC program for an 
interactive numerical control device or an auto- 
matic programming device according to claim 
1, wherein, in a method of preparing an NC 

5 program for an interactive numerical control 

device or an automatic programming device 
for preparing the NC program for a part for 
which a secondary machining is carried out 
after a primary machining, with a four-axis 

w lathe having two spindles and two turrets, 

based on a material shape and a part shape of 
the part, 

the NC program for the primary machining 
and the secondary machining is prepared such 

75 that times required for the primary machining 

and the secondary machining are almost the 
same, the method comprising: 

a first step of calculating an entire machin- 
ing zone to be machined in the primary ma- 

20 chining and secondary machining from the 

data of the material shape and the part shape; 

a second step of making a splitting point 
between the primary machining and secondary 
machining such that, when an area of the en- 

25 tire machining zone is split with a line segment 

perpendicular to a Z-axis of said four-axis 
lathe, both areas are equal to each other; 

a third step in which the splitting point can 
be manually changed; 

30 a fourth step of determining a primary 

machining zone to be machined in the primary 
machining and a secondary machining zone to 
be machined in the secondary machining on 
the basis of the splitting point; 

35 a fifth step of determining machining pro- 

cesses of the primary machining and the sec- 
ondary machining, based on the primary ma- 
chining zone and the secondary machining 
zone; 

40 a sixth step of calculating times required 

for the primary machining and the secondary 
machining and displaying such times; and 

a seventh step in which an input of wheth- 
er or not the displayed times required for the 

45 primary machining and the secondary machin- 

ing are appropriate Is received, and if the input 
is appropriate, the NC program for the primary 
machining and the secondary machining is 
output, and if the input is inappropriate, the 

so process returns to the third step thereof. 

4. A method of preparing an NC program for an 
interactive numerical control device or an auto- 
matic programming device according to claim 
55 1, wherein, in a method of preparing an NC 

program for an interactive numerical control 
device or an automatic programming device 
for preparing the NC program for a part for 
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which a secondary machining is carried out 
after a primary machining, with a four-axis 
lathe having two spindles and two turrets, 
based on a material shape and a part shape of 
the part, 5 

the NC program of the primary machining 
and the secondary machining is prepared such 
that times required for the primary machining 
and the secondary machining are almost the 
same, the method comprising: io 

a first step of calculating an entire machin- 
ing zone to be machined in the primary ma- 
chining and secondary machining, from the 
data of the material shape and the part shape; 

a second step for making a splitting point 75 
between the primary machining and secondary 
machining such that, when an area of the en- 
tire machining zone is split with a line segment 
perpendicular to a Z-axis of the four-axis lathe, 
both areas are equal to each other; 20 

a third step of determining a primary ma- 
chining zone to be machined in the primary 
machining and a secondary machining zone to 
be machined in the secondary machining on 
the basis of the splitting point; 25 

a fourth step of determining machining 
processes of the primary machining and the 
secondary machining, based on the primary 
machining zone and the secondary machining 
zone; 30 

a fifth step of calculating times required for 
the primary machining and the secondary ma- 
chining and displaying same; 

a sixth step in which it is determined 
whether or not a difference between a time 35 
required for the primary machining and a time 
required for the secondary machining is within 
a predetermined range; 

a seventh step of outputting the NC pro- 
gram for the primary machining and the secon- 40 
dary machining when the difference is within 
the predetermined range; and 

an eighth step in which, when the dif- 
ference is not within the predetermined range, 
the splitting point is changed and brought with- 45 
in the predetermined range, and the process 
returns to the third step. 

A method of preparing an NC program for an 
interactive numerical control device or an auto- 50 
matic programming device according to any 
one of claims 2, 3 and 4, wherein the splitting 
point is made such that, when an area of the 
part shape is split with a line segment per- 
pendicular to a Z-axis of the four axis lathe, 55 
both areas are equal to each other. 

A method of preparing an NC program for an 



interactive numerical control device or an auto- 
matic programming device according to any 
one of claims 2, 3 and 4, wherein the splitting 
point is made such that the lengths of the 
shape components constituting the part shape 
are equal to each other. 

7. A method of preparing an NC program for an 
interactive numerical control device or an auto- 
matic programming device according to any 
one of claims 2, 3 and 4, wherein a middle 
point of the shape component having the long- 
est distance in the radial direction among the 
shape components constituting the part shape 
is made the splitting point. 

8. A method of preparing an NC program for an 
interactive numerical control device or an auto- 
matic programming device according to any 
one of claims 2, 3 and 4, wherein a point at 
about half the length in the Z-axis direction of 
the material shape or the part shape is made 
the splitting point. 
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